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ABSTRACT
The development chamber for an infrared, in-process
densitometer, which will monitor and display a characteris
tic curve of a standard sensitometric strip during
development, was designed. The monitoring radiation is to
be emitted by a sequentially pulsed array of IR diodes
(RCA SG1009A) and detected by an array of solid state
detectors (UDT-450 Photodiode/Amplif ier combination). The
output of the detectors, corresponding to IR transmission,
is to be scanned, electronically converted into density, and
displayed. Electronic scanning assures that processes with
subminute total development time can be monitored. Optical
losses of the system were estimated, and a model of the
optical system was built and tested. It was shown that the
densitometer will be capable of monitoring in-process
infrared transmittance corresponding to dry white light
neutral density of at least 3.0.
Technical drawings of the development chamber assembly
and working drawings of the chamber components were prepared,
The hydraulic flow of a processing solution was studied,




The development of photographic images is an integral
and important part of the photographic process and as such
it has been studied since the inception of photography. To
study the kinetics of development (particularly the early
stages) and to monitor development of modern, fast-working
processes, one needs to use a different method than that of
interrupting and arresting the process. Infrared (IR)
radiation, the most commonly found method, may be employed
to continuously, or sequentially, monitor the changes in
optical density of a silver halide emulsion throughout the
development. In connection with proper electronics, the
changing D-log E curve may be displayed and recorded.
Several attempts to build an in-process IR densitometer
were made at the Rochester Institute of Technology. Even
though none of these instruments was perfected and optimized,
the feasibility of the method was well established, and its
significance as a tool for development studies was shown.
This work investigates the methods and problems
involved in IR radiation monitoring of photographic devel
opment. It is a first step towards a final goal: a new,
reliable IR densitometer capable of monitoring the develop
ment of commercially available processes. [A densitometer
which could be built and used by students at RIT.] After
conceptual and theoretical considerations, the main emphasis
of this thesis is the detailed mechanical-optical design of
a development chamber. The densitometer is designed to
monitor and record a changing D-log E curve throughout the
development. It can also be used to monitor the development
of a single exposure level.
PRIOR ART
To show the present state of the art, a survey of
past work in IR monitoring was done. IR monitoring of
photographic process involves the problem of detecting low
optical densities and therefore a portion of this section
is devoted to low optical density detection, regardless of
the wavelength used.
In 1937 Van Kreveld and Jurriens described a device
which was capable of measuring changes in the optical
density of 10"^. They used the instrument to study the
printout effects of insensitive photographic emulsions.
The monitoring radiation had \ > 590 nm. The sensitivity
of the instrument limited its use to exposure levels corres
ponding to the shoulder of the characteristic curve. An
instrument for low optical density detection with higher
sensitivity than the Van Kreveld device was described by
Nail and
Urbach2
in 1953. After some modifications and
changes, it could measure the changes in optical density
of 10 . The instrument was basically a near-null,
double-
beam, sequential monochromatic photometer, operating at
60 Hz. A new and very interesting method of low density
detection was described by Frieser and
Schlesinger4 in 1972.
Their instrument could measure the density changes in the
earliest stages of development as well as extinction
changes due to exposure. The method is based on obtaining
the signal of a known frequency. An image of a star with
eight rays is exposed on a film. The resulting latent image
is scanned with a similar star, using IR radiation. A
signal is obtained of frequency of 8 Hz superposed by
electronic noise. To suppress the noise, the output is
amplified by a frequency selective amplifier and multiplied
by a reference signal of frequency of 8 Hz. The resulting
signal has an effective bandwidth of .015 Hz. The
instru-
6
ment is capable of measuring extinction changes of 10 .
Fortmiller and
James5
in 1951 described an apparatus
for continuous monitoring of development for liquid emul
sions. The source of radiation was a tungsten filament
lamp, filtered with a KODAK WRATTEN No. 89 Filter. IR
radiation was detected by an RCA IP22 photomultiplier tube.
Development was monitored in a small cell, with the
developer continuously circulating and the entire system
immersed in a water thermostat. An apparatus for fast
processing of 35mm film, described by Tuttle and Brown
7
was modified in 1953 by Fortmiller and James to allow
continuous measurement of developing silver. IR radiation
was used to measure the density and, by suitable calibra
tions, the IR density was converted into optical density
in the visible spectral region or into mass of developed
silver. Again, an RCA IP22 photomultiplier tube was used
to detect the IR radiation passing through the film.
In 1971, Land, Farney and
Morse8 described an instru
ment to detect and display extinction changes of IR
radiation in a Polaroid developing sandwich. Hoffman 51CL
silicon photovoltaic cells were used as detectors. The
source had a dominant wavelength of 976 nm.
A different application of IR density monitoring was
reported by
Eggers9
in 1960. A study was made of the
changes in pH in a photographic emulsion during development,
by monitoring the changes in optical density of a Lippman
emulsion coated on a glass electrode.
10
Burkhart and Staub in their senior research report
for RIT investigated the feasibility of determination of
development by infrared densitometry. They expected a
curvilinear relationship between wet IR density and
fixed-out white light density. Their experimental work
was done for one film-developer combination (Kodak Plus-X
Aerecon, D-76). Arresting of development was used, with
subsequent neutralization by a buffer, so that development
was continued after the wet IR density was determined. When
correlating the values of the two densities by several
methods, the best fit was found using an empirically derived
power series. Good agreement was obtained between the
calculated data and the experimental sensitometric data.
The first attempt to build an in-process IR densitometer
at RIT was made by Hughes in 1964. He inserted cemented
and polished rows of clear plastic lightpipes into the
bottom of a process tray so that the lightpipes coincided
with 21 steps of a sensitometric strip. A sensitometric
strip, while being processed, was uniformly irradiated with
IR radiation and was scanned by a photovoltaic cell below
the processing tray. The scanning rate was 40 curves per
second. DC current generated by the photovoltaic cell was
transformed by a logarithmic amplifier and then displayed
on an oscilloscope screen in real time. The screen was
photographed by a motion picture camera.
Hughes'
main
problems were: nonuniformity of irradiation, nonuniformity
of transmission of lightpipes (corrective attenuating mesh
was made), and the detection of the signal. Three detectors
were considered: (a) a photoconduct ive cell (high sensi
tivity but slow response time), (b) a photomultiplier tube
(which satisfied the requirements well but was too expensive
for the project), and (c) a silicon photovoltaic cell (low
sensitivity, good response time 2 x
10"^
sec, broad
spectral response, peaking at 800 nm). Overall sensitivity
of the system limited the density measurements to D = 1.0.
Using a transfer curve, Hughes was able to relate his wet
IR densities to fixed-out white light densities. His results
were limited, but the feasibility and usefulness of the
system was shown.
The second attempt at RIT to build an infrared densi
tometer was made by Hisler and
Casinelli12
in 1970. They
taped the film to the wall of a glass cylinder which was
mounted on a phonograph turntable and rotated at 45 rpm
through the beam of IR radiation. The optical train for
illumination and detection was removed for loading the film
and then engaged back by one movement. A six-volt, 50-watt
tungsten lamp was used as a source; its output was filtered
by three KODAK WRATTEN No. 29 Filters. The irradiated spot
on the film was imaged to fill the photomult iplier aperture
of a MacBeth TD-102 densitometer. The densitometer signal
was fed into an oscilloscope, which was set for internal
triggering. Recording was done with a Polaroid Scope
camera. The low IR sensitivity of the detector prevented
any actual monitoring of development. The MacBeth TD-102
photomult iplier with its S-4 spectral response was not
sensitive enough in the region (^610 nm) where they tried
to operate.
Considering the problems encountered by Hisler and
13
Casinelli, Beaupre and Jasper designed an improved
instrument in 1971. They decided to operate in the spectral
region between 750 and 1100 nm. A Hewlett-Packard PIN
photodiode No. 5082-4220 was used as a detector, and its
signal was converted by a logarithmic amplifier. The IR
radiation source was a 120-volt, 500-watt Sylvania EHA
8
tungsten-halogen lamp, attenuated by No. 87 and No. 87C
KODAK WRATTEN Filters. A new double-walled, cylindrical
Pyrex development tank was used and the optical system was
adapted to the new configuration. Two film-developer
combinations were tested (Eastman Fine-Grain Release
Positive Film, Type 5302, with Kodak DK-50 and D-76
developers). For the DK-50 developer, and within a density
range of 0-2.5, good agreement was obtained with conven
tional densitometric curves.
The densitometer built by Beaupre and Jasper (with
minor modifications) was used by Turbide and
Williams14
in
1972 to study the kinetics of
"lith"
development. The
Kodalith Ortho Type 3, 2556, and also Kodak Cine Positive
5302 Films were monitored. In agreement with Beaupre and
Jasper, the relationship between wet IR density and fixed-
out white light density (density range 0-2.3) was found to
be linear for both films. The linear relationship observed
was simpler than what was anticipated according to previous
studies and was not expected to apply in all film-developer
combinations.
Another attempt to improve this instrument further was
15
made by Chan and Balch in 1973. A photomult iplier tube
with S-l spectral response was used with electronics from a
MacBeth densitometer. A processing cylindrical tank was
modified. A blanking circuit was used so that the oscillo
scope displayed dots, not the vertical spikes as in previous
versions. A diffusing sheet was placed next to the film
in an attempt to simulate conventional diffuse density
readings. The optics had to be modified for the new
configuration with a photomult iplier tube in the base of
a processing tank. Kohler illumination was used for both
irradiating and readout of IR radiation. The results of
both Beaupre and Jaspers and Turbide and Williams were
organized and presented by B. H.
Carroll16
in 1974. The
article reproduced typical curves obtained with the
instrument.
The practicality of a solid state approach in a film
1 7
scanning IR system was shown by
Spitzak*
in 1966. He
used GaAs diode as a source and silicon phototransistor as
a detector. Spitzak pointed out the possible use of this
system before fixing, to see whether additional development
was needed.
In 1976 Keemink and van der
Wildt18
described "the
Gammascope"--an instrument for determination of gamma
during development. They used arrays of IR LEDs (Monsanto
ME 61) and of photocells (Phillips BPX 41) which were
mounted on the negative holder and immersed in the devel
oper. A monitored part of the film was exposed through a
linear density wedge. The LEDs were scanned, and the
output of the photocells, converted into density with a
logarithmic amplifier, was displayed on an oscilloscope.
10
When a desired gamma was reached, the development was inter
rupted. The
"gammascope"
uses an approach for IR monitoring
similar to that proposed in this thesis.
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GENERAL DESIGN CONSIDERATIONS
The original approach, as suggested in the proposal
for this work, was to accommodate the previously tried
concept of single beam monitoring, i.e., a filtered
tungsten-halogen source, single detector and mechanical
scanning of a sensitometric strip, immersed in developer,
using the single beam of IR radiation. The intent was to
construct a theoretical model of the system, optimize all
the elements and then design the development chamber. As
stated in the proposal, the instrument should be capable
of monitoring the development of all, or most, commercially
available materials. A survey of photographic materials




minute total development time. For example, the Recordak
Films in the Kodak Viscomat Processor, Model 36, are
developed for 5 seconds at 115F. These conditions were
accepted as limiting, i.e., determining the specifications
of the instrument. At this stage, several problems and
limitations of the suggested approach of single beam
monitoring were realized. To be able to operate with
temperatures up to 115F, the whole system would have to be
built into a thermally insulating envelope, and/or a con
trolled heating system would have to be an integral part of
12
the rotating development chamber. Another difficulty arises
from the scheme of agitation. Unless some additional source
of agitation is built into the chamber, the agitation is
coupled with the rotation of the chamber and, therefore,
with the readout frequency. This limits each readout
frequency to one level of agitation. The main difficulty
of a mechanically scanned system appears in connection with
the very short development time and
with*
investigating the
kinetics of early stages of development. Immersing the
film strip into a developer and starting the rotation of
the chamber, limit the initial point of observation. The
speed of the rotating chamber limits the frequency at which
the density can be read and, therefore, it limits the
shortest total development time which can be monitored.
Consideration of the above problems led to the
preparation of a new concept of multiple beam electronic
scanning with no moving parts. The system consists of a
linear array of IR radiation sources and a corresponding
array of detectors (both arrays solid state). Each step
of a sensitometric strip is monitored by a separate beam of
an IR source-detector couple. The film strip is stationary
in a small development chamber and a preheated developer is
continuously pumped through the chamber. No thermally
insulating envelope or heating system inside the chamber
is needed. Changing the pumping speed simulates different
13
agitation levels independently of the monitoring frequency.
The monitoring may be started before the introduction of a
developer and the initial point of observation is not
limited. Solid state IR radiation emitters have very fast
switching times, 10-90 percent rise and fall times are in
the order of 1 microsecond or better and the frequency
response range of solid state detectors is from DC to
5
10 Hz or more. These characteristics constitute the
main advantage of a solid state system even the shortest
processes can be monitored. The superiority of the
electronic scanning became evident, with one feasibility
aspect remaining to be proven: Is it possible to obtain
sufficient sensitivity with existing solid state sources
and detectors to monitor the maximum required neutral
density D^x




ESTIMATE OF THE ENERGY LOSSES OF THE SYSTEM
The initial arrangement suggested for the IR densi
tometer with no moving parts and electronic scanning is
shown schematically in Figure 1. The optical system
consists of an array of IR emitting diodes and a coupled
array of radiation detectors. The radiation emitted by
each diode is channeled into the development chamber
through a fiber optics lightpipe. The lightpipe is
cemented into the body of the chamber, its face flush with
the wall of the development cavity. The radiation passes
through the developer and falls on the monitored film
strip. Part of the radiation transmitted through the film
falls on a second lightpipe, which is mounted in the oppo
site wall of the development chamber and is coupled to a
detector. The uncoated side of the monitored film is held
flat against the back wall of the 4-mm-deep development
cavity and a developer is continuously pumped through the
cavity and over the film strip. Registration of the film
strip is provided in both the densitometer and exposing
























Figure 1. Initial concept for IR solid state densitometer
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Every step (or every other step) of a developing
sensitometric film strip is then monitored by an independent
optical system. The following is an estimate of energy
losses in each such system.
Coefficient of
the Loss
1, Assume 70 percent of IR diode output
falls on the lightpipe face (a lens is
used in the diode assembly to produce
a narrow beam pattern). 0.7
2. Typical combined reflection losses
for both ends of lightpipe are 9-20








loss of the lightpipe
is 20 percent per foot length, i.e. ,
2 percent per 3 cm. Assume 4 percent. 0.98
5. Considering the distance of the
light-
pipes and the size of the irradiating
cone, the conservative estimate of the
amount of radiation falling on the film
at the second lightpipe is 10 percent. 0.1
6. Maximum white light density to be moni
tored is D
ax
= 3.0. Assume equivalent
IR attenuation of .001. 0.001
7. Assume the losses in the second (detector)
lightpipe same as in the first one.
0.85 x 0.5 x 0.96 - 0.408
8. Assume 90 percent of the transmitted
energy falls on the detector. (The
detector is proximity mounted to the
lightpipe.) 0.9
Total coefficient of the loss of the system 1.05 x
10~5
17
Table 1 shows examples of IR emitters considered for
this work:
Table 1. Total radiant flux of ME5 and SG1009A emitters.
IR EMITTER MONSANTO ME5 RCA SG10(309A
TOTAL RADIANT FLUX 18 mW (1F
- 2.0 A) 7 mW (1F
- 1.0
PEAK EMISSION WAVE 900 nm 940 nm
LENGTH
SPECTRAL LINE HALF 60 nm 50 nm
WIDTH
Multiplying the total radiant flux by the total




[W] x 1.05 x
10"5 - 7.37 x
10"8
W
This is energy available to the detector for continuous
service of the emitter. The peak radiant flux of SG1009A,
when pulsed, is 50-230 mW (depending on the forward current)
and proportionally higher energy would be available to the
detector.
United Detector Technology Photodiode/Amplif ier
com-
TM
bination (PHOTOP ) could be used as the detector. UDT
PHOTOPs are light to voltage converters, which have ultralow
1 2
noise, sensitivities up to 1 x
10
**
W, 9 decade linear
dynamic range, frequency response DC to
106
Hz and spectral
range 350-1100 nm. Table 2 lists Noise Equivalent Power
(radiant power which gives rms electrical signal equal to
18
the rms values of the noise introduced by the detector) of
the two detectors which were considered for this project:
Table 2. Noise equivalent power of UDT-450 and UDT-500
PH0T0PSJ
N.E.P. (f, Af, X) UDT-450 (.05 cm2) UDI^OO (1 cm2)
1000 Hz, 1 Hz, 850 nm










Comparison of the estimated available energy and N.E.P.
of the detectors indicates that enough energy is available
for the proposed monitoring system.
A modified optical arrangement was considered at this
point. It is shown schematically in Figure 2. Radiation












Figure 2. Modified optical arrangement for improved
detection sensitivity.
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the monitored film strip. The wall of the development
cavity is formed by plastic or glass (input window) highly
transparent for the applied radiation. The film strip is
backed by a d iffuser (e.g., opal glass) or a transparent
plastic (output window). The detector is mounted flush
with the output window. Assuming that 30 percent of the
emitted flux falls on the lens, 10 percent is lost in the
lens and the input window, respectively, and 60 percent is
lost in the diffuser, the total loss coefficient (Djjax
*
3.0) is 9.7 x 10"5. When clear plastic is used instead of
the diffuser, the loss coefficient is 2.2 x 10""4. The new
optical system is an order of magnitude more efficient than
the originally suggested one with the lightpipes. The
emitted radiation is focused on the film, and, therefore, a
defined area is irradiated on the film. Changing the output
window (diffuse vs. nondiffuse) increases flexibility of
the instrument and should improve correlating the wet IR
density with the fixed-out diffuse density.
20
MODEL OF THE OPTICAL SYSTEM
A model of the monitor was built on an optical bench
and is shown schematically in Figure 3. A Monsanto ME5A
IR emitter was driven by Hewlett-Packard 6220B DC power
supply at forward current of ly
- 1.0 A, which, according
to specifications, corresponds to an output flux of 12 mW.
The development chamber is designed to use UDT-450 (OD =
9.4 mm; active area
- 0.05 cm2) detectors, which are
mounted in line and monitor every other step of a standard
21-step sensitometric strip. A UDT-500 detector (OD *
24.8 mm; active area
- 1 cm2) was available for the build












Figure 3. Model of the optical system.
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(active area .05 cm2), a thin metal aperture (D
- 2.5 mm,
A - .049 cm2) was inserted in front of the UDT-500 detector.
Figure 4 shows the electronics schematic of the
detector. The output of the detector was read on a
Tektronix 547 oscilloscope.
A general procedure for test monitoring was established
as follows: A film was exposed in a Kodak Sensitometer ,
Model 101, and developed according to the manufacturer's
instructions. After completion of the development, the
film was rinsed in Kodak Stop Bath (30 sec, 72F) and dried.
Infrared transmission was then read on the model monitor
and was recorded. The film strip was then fixed in Kodak
Fixer with Hardener (3 min, 72F), washed in running water
(30 min, 72F) and dried. The white light, fixed-out
diffuse density was then read on a MacBeth Densitometer
TD-504. A control strip was processed as above, with the
interruption and IR monitoring omitted. White light,
fixed-
out diffuse density was plotted against the logarithm of
the IR transmission (detector output). The films tested
were Kodak Panatomic-X, Kodak Plus-X, Kodak Tri-X, and
Kodak 2475 Recording Film; 35 mm strips were used. Their
respective plots are in Figures 5, 6, 7, and 8.
It should be noted here that the maximum white light
density, monitored by the model IR densitometer, was
D - 2.07 (Tri-X). The performance of the model was not







































Correlation of unfixed IR density with



























Figure 6. Correlation of unfixed IR density with






























Figure 7. Correlation of unfixed IR density with
fixed-
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DENSITY (WHITE LIGHT)
Figure 8, Correlation of unfixed IR density with
fixed-out white light density (KODAK
2475 Recording Film)
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a) The gain of the detector-amplifier unit can be







signal current from the photodiode,
Rp
- feedback resistor
The feedback resistor used in all the test monitorings was
rf
* 220 kQ, a value which is close to the center of the
RF range: 0.5 k-Si
- 50 MvQ, . The maximum feedback resistor
(50 M^), used for low light levels, constitutes an addi
tional amplification factor of 2.27 x 102.
b) The Monsanto ME5A IR emitter was driven at forward
current of IF
= 1.0 A, which, according to specifications,
corresponds to 12 mW of total output power. The develop
ment chamber is designed to use the RCA SG1009A IR emitters,
which, when pulsed, deliver significantly higher peak
radiant flux (see Appendix A). The pulsed mode of the IR
emitters is recommended to prevent any possible fogging
from extended IR irradiation.
c) Because the estimate of the energy losses indicated
that an excess of energy was available, only a coarse align
ment of the model components and a coarse focusing were
performed. A precision, machined development chamber will
insure better alignment that, together with careful focus
ing, will increase the efficiency of the system.
28
The experimental results, together with the three
modifications above, form the final feasibility proof of the
solid state approach. The signal e0 from the detector for
white light density of 2.0 (Tri-X) was eQ
-
.041 V, that




A. The minimum responsivity of the UDT-500
detector is 0.25 AA, therefore, the maximum power falling





- 7.44 x 10 W
.25 A/W
This power fell on the detector area of approximately
.05 cm
,









Compared with the minimum detectable power density
(10~12
W/cm2) it is evident that the system, even without
improvements mentioned above, is capable of monitoring white
light densities of 3.0 or higher.
Finally, it is important to notice that the relation
ship between IR density and fixed-out white light density
was linear or nearly linear for all four film-developer
combinations. This suggests that the relationship may be
linear in many more film-developer combinations than was
expected from previous work and that no calibration curve
may be needed for those processes.
29
INFRARED DIFFUSER AND TRANSPARENT (INFLUX) WINDOW
A good diffuser in the spectral region of interest
(around 900 nm) had to be found for the efflux window of the
development chamber. Diffusers were tested on an experi
mental set-up, built on an optical bench, which is shown
schematically in Figure 9. The diffusers were tested using
both visible (red) and near infrared radiation. Two radia
tion sources were used--a Spectra Physics, Model 132, He-Ne
Laser (X 632.8 nm) and a Monsanto ME5A IR emitter
(Xpeak
- 900 nm). A UDT-500
PHOTOP
(Figure 4) with a






Figure 9. Arrangement for measuring radiant intensity vs.
angle from central axis for various diffusers.
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The materials tested were opal glass, cellulose
acetate coated with Ti02 and
"blushed"
Estar (surface
etched polyethylene terephthalate sheet). Figure 10
shows the spatial distribution of the diffused beam, with
the diffusers illuminated by the He-Ne laser. All the
materials diffuse the visible radiation, opal glass
being the best.
Figure 11 shows results of a different blushed
Estar for both X = 632.8 nm and X - 900 nm. This
sample is a considerably poorer diffuser than the
first blushed Estar tested. It is interesting to
note than an insignificant change was found between
the diffusing effects for the two wavelengths. The
figure also shows the spatial distribution of an ideal
"Lambertian"




The two better diffusers from Figure 10 (opal
glass and cellulose acetate coated with Ti02) were
then tested with near IR radiation (X = 900 nm). The
results are plotted in Figure 12. Again, the opal
glass is a better diffuser, and therefore it is the
recommended material for the efflux window of the
development chamber.
The total diffuse transmittance of the opal glass
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Figure 10. Radiant intensity vs. angle from central axis
for opal glass, cellulose acetate with Ti02
and blushed Estar (2) (X = 632.8 nm).
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Figure 11. Radiant intensity vs. angle from central axis
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Figure 12. Radiant intensity vs. angle from central axis
for opal glass and cellulose acetate with Ti02
(X = 900 nm).
Spectrophotometer with a PbS detector was used. The trans
mittance of the opal glass was found to be very uniform,
averaging about 44 percent ; it is plotted in Figure 13.
The wall of the development chamber through which the
monitoring radiation enters the development cavity is made
from a transparent plastic. (Also, the diffuser-eff lux
window may be interchanged with a clear plastic.) Two
conventionally available plastics were considered for this
purpose: polymethyl methacrylate and polystyrene. The
spectral transmittance of the two plastics (both 1/16 inch
thick) was measured on the CARY 17D Spectrophotometer and
















































Figure 14. Specular transmittance of polymethyl methacrylate
and polystyrene.
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the requirement of high transmittance and a flat transmission
spectrum in the near IR region. The polymethyl methacrylate
had a transmittance of about 91 percent and the polystyrene
about 88 percent.
Most of the developers are alkaline solutions with pH
up to 12.9. Tests were performed to check the chemical
resistance of the plastics to highly alkaline developing
solutions. Conditions of the tests are summarized in
Table 3.
Table 3. Conditions of chemical resistance tests of plastic
windows for the development chamber.
DEVELOPER TEMPERATURE TIME PH
KODALITH 72F 72 hrs 9.8
KODAK D-8 72 136 12.2
RECORDAK PROSTAR 100 6 12.2
RP X-OMAT 100 6 10.1
DEVELOPER
REPLENISHER
Spectral transmission curves were run after each test
and no difference in the transmission was found.
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MECHANICAL DESIGN
The final mechanical design of the development chamber
is the result of considering, comparing, and modifying
several alternative designs. Among the design considerations
were reliability of the operation, ease of .loading the film,
ease of cleaning, operation in light except for the loading
of the film, and relative simplicity of manufacture.
Figure 15 shows a three-dimensional view of the development
chamber. The detailed mechanical design is documented in
the set of technical drawings which is enclosed at the end
of this work.
The body of the development chamber consists of the two
main units
-
chamber back (B) and chamber front (F) which
are connected by a precision hinge. The chamber (B) does
not move; it is mounted vertically through the cover to a
stand (not shown). The hinge ensures simple, but precise,
opening and closing of the chamber.
The chamber (B) contains the array of IR emitters and
the array of lenses mounted in the "irradiating
channels."
The plastic influx window is recessed 3 mm into the body of
the chamber to form a cavity for processing solution. Both
input and output of a processing solution is provided in
















Figure 15. Oblique sketch of the development chamber.
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shown. A groove for an
"0"
ring seal is machined into the
face of the chamber (B). The chamber (B) will be in direct
contact with the processing solution, and, therefore, it is
made from stainless steel.
The chamber (F) is shown in an open position in Figure
15 and carries a loaded film strip. The film strip is
placed on the chamber (F), emulsion side up. The registra
tion pins are engaged into the registration holes in the
film, and the film strip is stretched flat against the
diffuser. The chamber (F) is then closed against the
vertical chamber (B). A clamp (not shown) is used to press
the chamber (F) against the
"0"
ring and the lock pin is
inserted. The
"0"
ring is designed to seal directly against
the film strip, inside the 35 mm film perforations, thus
forming a light-tight and liquid-tight seal. The detectors
are mounted within the chamber (F), flush with the diffuser.
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IRRADIATING CHANNELS
To determine the characteristics of the lens and its
location with respect to the IR emitter (object) and the
film (image), the following boundary conditions were
considered :
(a) The depth of the development cavity and the flow
of the processing solution have to be sufficient to ensure
uniform characteristics of a developer along the length of
the film strip. On the other hand, an increase in the depth
of the cavity increases the total image object distance
and, therefore, the dimensions of the chamber and its weight.
A larger cavity may also require a bigger pump to achieve the
same range of flow rates of processing solutions. The
design attempts to keep the dimensions of the chamber as
small as possible. A 3-mm-deep cavity was chosen; consider
ing the flow rates of the processing solutions (see next
section), it is believed to satisfy both above requirements.
(The design allows for an easy change of the cavity depth
in both directions, if such change is desired.) The cavity
depth (3 mm) plus the thickness of the plastic window (1.6
mm) give an approximation of the lower limit for the focal
length of the lens: f > 5 mm.
(b) Monitoring every other 5-mm-wide step of the
standard sensitometric strip and having the lenses arranged
in a straight line determine the maximum diameter of the
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lens: D < 9 mm.
(c) In order to collect about 30 percent of total
radiant flux of the SG1009A emitter (as was assumed in the
calculations of energy losses), the lens should subtend an
angle of about 20 degrees (see Appendix A).
Using the limits from (a) and (b) (f > 5 mm, D< 9 mm),
a simple commercially available lens was chosen:
Piano-
Convex lens f - 5 mm, D
- 5 mm, Edmund Scientific Company,
Catalog No. 95775 (#.80). To focus the IR emitter (D -
3.94 mm) on the active area of the detector (D = 2.56 mm),
and to keep a safe margin of error for any possible
misalignment, a magnification m 1/3 was chosen. The
location of the object (IR emitter) and the image (film)
was calculated, using the first order optics formulas and
the thin lens concept.
The formulas for the system (Figure 16) in air are:
+ and m





- 5 mm and m - 1/3
S - 20 mm and
S'
- 6.7 mm.
The angle subtended by the lens for S
- 20 mm is
approximately 14 degrees and the lens accepts about 20
percent of the total irradiated flux of the emitter. It
is less than was assumed when calculating the energy losses,
but well acceptable, as shown in the conclusion of the
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Figure 16. Thin lens imaging for the irradiating channel.
chapter Model of the Optical System.
The focal length (5 mm) of the lens is given for
visible radiation and has to be corrected for the use of





- 1.523) was plotted and the index of
refraction for X - 940 nm was found by interpolation:
n940
= 1.514.
The focal length of a thin lens having curvatures Cj,
C2 and index of refraction n at wavelength X is given by
1
I
(n - 1) (Cx
- C2)




1 - (n' - 1) (Cx
- C2)













* - 5.087 nm (X - 940 nm)
This change in the focal length increases S by^0.3 mm and
S'
by/\y0.1 mm, and, therefore, it is negligible for this
application.
After leaving the lens, the focused beam passes
through the plastic window and then the developer. The






IMAGE IN AIR DISPLACED BY
PLASTIC ONLY (NO DEVELOPER)
.IMAGE AFTER PASSING THE
PLASTIC AND DEVELOPER
Figure 17. Schematic refraction by plastic window and
developer in the irradiating channel.
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shown (exaggerated) in Figure 17.
The refractive indices (X - 940) of the polystyrene













indicates the image space. The polystyrene
(nD
=
1.59) has higher index of refraction than polymethyl
methacrylate (nD
= 1.49) and causes larger displacement;
the maximum total image shift (polystyrene 1.6 mm, developer
3 mm) is 1.7 mm. To correct for this image shift, the lens
was mounted further away from the film
(S'
" 7.75 mm) and
if fine focusing is desired, the location of each IR
emitter in the irradiating channel may be adjusted before
the emitter is mounted.
Using the values S
- 20 mm and 8^_
= 7.75 mm, a compact




The flow of the processing solution is schematically
shown in Figure 18. A developer enters the cavity at the
bottom and rises towards the output pipe, located at the
top of the cavity. The developer moving in this manner
displaces all the air in the cavity, thus eliminating
problems caused by air bubbles. The cavity should be
initially filled quickly to prevent a significant time lag
of the development starting time for the extremes of the
film strip. A one-second filling time was chosen. The
corresponding flow rate to fill the cavity (V
= 4.83 cm3)
in one second is 290 ml /min. To determine the nature of




where L characteristic dimension
V average linear velocity of the fluid
p density of the fluid
u fluid viscosity
The smaller dimension of the rectangular cavity is taken for
the characteristic dimension: L






690 cm/min -= 11.5 cm/sec
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VALVES NOT SHOWN
Figure 18. Schematic of processing solution flow for
calculating the pump capacity.
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Approximate equivalence of water and developers is assumed:
p









This value of Njje corresponds to laminar flow.
Besides the flow rate, a required pressure drop must be
calculated to specify the pump. The following approximation
was made : the system in Figure 18 was replaced by a straight
pipe with uniform cross-section equal to the smallest real
cross-section. The tubing designated A (ID
= 3.2 mm) has
the smallest cross-section of .08 cm2. The relationship
between pressure, velocity, and elevation along a line of









yi> + + f
pg 2 g D 2 g
Pressure Elevation Velocity Friction
Head Head Head Head






A y + f
-
pg D 2 g
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where f - 0(NRe) Friction factor
L Length of the pipe
D Cross-section diameter
g Gravitational acceleration
The Reynolds number was calculated :
_
290 cm3 /min
V - - - 3625 cm/min = 60.4 cm/sec
.08
cm2














is used in the friction head
to correct for additional resistance, introduced by elbows
and valves.











(2) VALVES (OPEN) 600
TOTAL 690 - 700
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The equivalent length is 700 x 0.32 - 224 cm. Assume the
length of the pipe 70 cm. The total equivalent length is
70 + 224 - 294 - 300 cm
Assume the elevation head A y
= 20 cm, then
tl 20 + .033 300 x 3625 = 20 + 62 - 82 cm
pg 0.32 x 2 x 981
and the pressure drop required is
dyne
A p
- 82 p g
- 80 281 = 1.2 psi
'
cm2
To prevent any possible contamination of the processing
solution, a peristaltic pump (fluid is pumped through tubing
by compression rollers, without contacting metal parts of
the pump) is recommended.
The following are specifications of the pump which well
meets the flow rate and pressure requirements:
Masterflex Pump (Barnant Corporation)
The pump head (Masterflex Cat. No. 7016-10)
The variable speed drive (Masterflex Cat. No. 7545)
Flow Rate: 24-480 ml /min
Max. continuous pressure head: 20 psi
The modular system of this pump allows an additional
"Add-
On"
pump head for two-channel application.
A variety of tubing is available for the Masterflex
pumps. The tubing which meets the temperature and chemical
resistance requirements is:
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Tygon (Masterflex Cat. No. 6408-2)
or
Viton (Masterflex Cat. No. 6412-44)
A suggested operational schematic for the hydraulic
system is shown in Appendix D.
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ELECTRONICS DESIGN
The electronics design will be performed as a separate
project and is not included in this thesis. A proposed
schematic for the electronic scanner is shown in Appendix C.
The choice of couplings for the wiring is left for the
electronics designer, therefore, no openings are indicated
in the cover plates of the development chamber.
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ASSEMBLY AND MOUNTING OF THE DENSITOMETER
To complete the assembly of the development chamber, a
few additional parts have to be purchased; they are listed
in Appendix E. The mount for the instrument should be
designed after completing the assembly. Two ways of mount
ing the development chamber itself are shown in Appendix F.
51
REFERENCES
1. A. VanKreveld and H. J. Jurriens, Physica IV, 285, 297
(1937).
2. F. Urbach and N. R. Nail, J. Opt. Soc. Am., 43, 336
(1953).
3. N. R. Nail, F. Moser, and F. Urbach, J . Opt . Soc . Am . ,
46, 218 (1956).
4. H. Frieser and M. Schlesinger, J. Photogr. Sci., 20,
192 (1972).
5. L. J. Fortmiller and T. H. James, PSA Journal, 17B
(1951).
6. C. M. Tuttle and F. M. Brown, J. SMPTE, 54, 149 (1950).
7. L. J. Fortmiller and T. H. James, Proceedings of the
Royal Photographic Society, Centenary Conference,
London, 1953.
8. E. H. Land, L. C. Farney, and M. M. Morse, Photogr.
Sci. Eng., 15, 4 (1971).
9. J. Eggers, Photogr. Sci. Eng., 4, 284 (1960).
10. R. E. Burkhart and C. A. Staub, J. SMPTE, 69, 871 (1960).
11. J. Hughes, B.S. Thesis, Rochester Institute of Technology,
1964.
12. J. Hisler and A. Casinelli, B.S. Thesis, Rochester
Institute of Technology, 1970.
13. T. L. Beaupre and R. R. Jasper, B.S. Thesis, Rochester
Institute of Technology, 1970.
14. D. A. Turbide and M. T. Williams, B.S. Thesis,
Rochester Institute of Technology, 1972.
15. J. Chan and E. Balch, B.S. Thesis, Rochester Institute
of Technology, 1973.
52
16. T. L. Beaupre, R. R. Jasper, D. A. Turbide, and
M. T. Williams (presented by B. H. Carroll), Photogr.
Sci. Eng. , 18, 535 (1974).
17. A. Spitzak, J. SMPTE, 75, 103 (1966).
18. C. J. Keemink and G. J. van der Wildt, J. of Applied
Photogr. Eng., 2, No. 1, 49 (1976).
19- W. J. Smith, Modern Optical Engineering (New York:
McGraw-Hill, 1966), p. 152.
20. F. W. Sears and M. W. Zemansky, College Physics
(Addison-
Wesley Publishing Company, 1960), p. 280.
21. W. L. McCabe and J. C. Smith, Unit Operations of
Chemical Engineering (New York: McGraw-Hill, 1956),
p. 159.
22. Applied Optics and Optical Engineering, ed. R. Kingslake




SG1009A INFRARED-EMITTING DIODE CHARACTERISTICS*
Continuous Service:
Forward Voltage Drop (at IF
= 100 mA) 1.5 V
Radiant Flux (at IF
= 100 mA) 7 mW
Pulse Service:
For tw




Peak Radiant Flux at IF
= 1A 50 mW
at IF
= 8A 230 mW
Peak Forward Voltage at IF
= 1A 2.5 V
Beam Characteristics:
Wavelength of Peak Radiant Intensity 940 nm
Spectral Line Width
(between half intensity points) 50 nm
?RCA Data Sheet; RCA, Solid State Division, Electro Optics




























ANGLE OF RADIATION - DEGREES
Figure 19. Typical Radiant Intensity










































CONE HALF ANGLE - DEG
Figure 20. Percentage of Total Radiant
Flux within a Given Cone
Angle of SG1009A
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CASE TEMPERATUR E ITCI 27 c jlSEErEET
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(Dimensions in parentheses are
in millimeters)
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CASE TEMPERATURE (Tcl MAINTAINEC





































: AFTER APPLICATION OF PEAK FORWARD CURRENT - NANOSECONDS
Figure 24. Rise Time Characteristics of SG1009A
1 10
io2
TIME AFTER REMOVAL OF PEAK FORWARD CURRENT
- NANOSECONDS






Responsivity (850 nm) 0.4 A/W





Operating Temperature -25C to +100C
Offset Voltage 5 mV
Offset Current 0.5 pA
Bias Current 5 pA
Output Resistance 100
Supply Voltage +15 V
Supply Current 3 mA






Feedback Resistance 0.5 \al to 50 lil
Frequency Response Range dc to
IO6
Hz
Spectral Range 350-1100 nm
W/cm2
*United Detector Technology Data Sheet; UDT, 2644 30th Street,
Santa Monica CA 90405.
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INCIDENT ENERGY (Watts, .7 microns!
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(8) 6-32 Flat Head Screws 1" long (Chamber B cover)
(8) 6-32 Flat Head Screws
3/8"
long (Chamber F cover)
(12) 6-32 Fillister Head Screws
5/8"
long (Hinge and Lock)





Ring: Parker Seal Company, No. 2-240
ID - 3.734 + .015 W = 0.139 + .004





























Notes for the detail drawings
eeee B
ALL SHARP EDGES, CORKERS AND
HOLES TO BE BURRED
UNLESS OTHER^fSE NOTED:
3 PLACE DEC. TOLERANCE?. 005
1 PLACE DEC. TOLERANCE .01
FRACTIONAL TOLERANCE ?^F
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